Patterns of tumour spread are examined in 160patients with squamous carcinomas of the head and neck with reference to perineural infiltration, direct invasion of bone and ossified cartilage, and lymph node metastases in the previously irradiated neck. Perineural spread is comparatively common in large (T3, T4) tumours; it may be apparent early in the disease; it is often detectable clinically; and it is an adverse prognostic feature which may modify clinical management. Direct bone invasion is described with particular reference to tumours of the oral cavity. Most bone destruction is mediated by osteoclasts which appear to be stimulated by materials such as prostaglandins released in the vicinity of the tumour. The numbers of involved lymph nodes in surgical dissections from the irradiated neck are usually few and restricted to the submandibular and jugular groups; nodes in the posterior triangle are infrequently involved by metastatic carcinoma. Transcapsular spread and keratin granulomas are common. The scope of modified neck dissections in this group of patients is discussed.
Introduction
Spread from squamous carcinomas of the head and neck is dominated by local infiltration and by metastasis to regional lymph nodes. Evidence of wider dissemination is frequently reported in autopsy series but, with the exception of nasopharyngeal carcinomas, distant metastases which are clinically apparent are not common. Patterns and mechanisms of local spread and regional metastasis are thus of considerable importance and, in this paper, recent work is presented on three topics -perineural spread, direct invasion of bone, and lymph node metastases in the previously irradiated neck.
Patients
The work described here is based on surgical material from 160 patients with squamous carcinomas of the head and neck. The patients comprise 130 males and 30 females aged between 26 and 84 years (mean 58). Most of the tumours were large T3, T41esions which had previously been treated by radiotherapy and chemotherapy before radical surgery.
The anatomical sites of the primary tumours are listed in Table 1 . The range is reasonably representative but the numbers of tumours at most individual sites are small. The fixed surgical specimens were dissected in the laboratory and examined by standard histopathological techniques.
Results

Perineural spread
The overall incidence of perineural spread by tumours in this series is shown in Table 2 . Invasion of perineural spaces was demonstrated in 26%of cases. It is a comparatively common finding in association with tumours of the oral cavity, occurring in about 40% of the surgical specimens examined. • Consist of hypopharynx and cervical oesophagus (2), lip (I) and external auditory meatus (I) In the first 109 consecutive patients, clinical and pathological signs of perineural spread were assessed independently. Clinical evidence of perineural infiltration was based on pain, paraesthesiae and objective sensory changes occurring strictly within an appropriate anatomical distribution, other local causes being excluded. The findings may be summarized as follows: congruent clinical and pathological assessments -21 patients with perineural spread, 66 patients without perineural spread; clinical 'false negatives' -II patients with perineural infiltration in their operation specimens without previously demonstrable clinical signs; clinical 'false positives' -II patients with clinical features suggesting perineural spread not confirmed pathologically.
The accuracy of clinical detection of perineural spread appears to vary according to the site of the tumour, being greater for carcinomas arising in the oral cavity than the larynx; but more cases need to be examined before accurate assessments of site-dependent differences can be made.
The nerve most commonly involved clinically is the mandibular division of V. Other nerves which may be affected are the maxillary division of V, VII, IX, X, XII and the cervical plexus. Involvement of nerves is sometimes multiple and may develop sequentially over a period of months.
Once tumours have penetrated perineural spaces, they can extend centrally or peripherally, sometimes traversing long distances ( Figures I and 2 ). The infiltrating carcinoma cells characteristically do not spread inwards into the substance of the nerve trunks, but degenerative changes in the myelin sheaths and axons of involved nerves are common. Such damage appears to be the consequence of ischaemia following compression of the segmental blood supply by columns of infiltrating tumour cells. Actual segmental infarction of involved nerve trunks has been observed in two patients.
Tumours which are infiltrating perineural spaces are often found to be spreading by other routes as well. The overall patterns of tumour dissemination found in the 43 patients with perineural involvement in the present series may be summarized as follows: perineural spread alone, 20 cases; perineural spread combined with nodal metastases and vascular invasion, 23 cases. Information relating to patterns of spread of tumours at specific sites is still accumulating, but the current findings indicate that approximately 86%ofT3, T4 carcinomas of the oral cavity with perineural infiltration have nodal metastases and 57% of them show invasion of blood vessels. 
Direct bone invasion
The overall incidence of direct bone invasion by tumours in this series is shown in Table 3 . It is most commonly encountered in association with squamous carcinomas of the oral cavity. The bones most often involved are the mandible and maxilla and, for tumours of the paranasal sinuses, the zygoma and ethmoids. There are two main routes of access to the bone: direct spread from an adjacent primary tumour or nodal mass, and indirect spread by way of perineural infiltration. The spaces surrounding the inferior dental nerve provide an important route whereby squamous carcinomas of the oral cavity penetrate into the mandible. Access by periosteal lymphatics is uncommon.
The process of direct bone invasion can be analysed in three stages: (I) Breaching of the periosteum.
(2) Interaction between tumour cells and bone cells, notably osteoclasts, which erode bone in front of the advancing tumour edge. The detailed morphology of bone invasion by squamous carcinomas has been described elsewhere and only certain general aspects are noted here. Local infection is not a prerequisite for infiltration of tumour cells into bone (cf. Willis 1973).The outstanding morphological finding is that most bone destruction appears to be mediated by host cells -osteoclasts -and not by tumour cells. The capacity of tumour cells to erode bone in the absence of osteoclasts is probably limited, and it seems that the main effect of local infiltrating tumour is to stimulate adjacent osteoclasts by local release of prostaglandins and other substances (see Discussion) . Varying degrees of osteoblastic activity with new bone formation are also seen, most conspicuously in association with low-grade, slowly growing tumours.
Invasion of metaplastic bone (ossified laryngeal cartilages):
The morphological changes associated with direct bone invasion are also seen in neoplastic invasion of the ossified regions of the laryngeal framework (Carter et al. 1979) . Parts of the thyroid, cricoid and arytenoid cartilages normally start to ossify in early adult life, and it has been known for many years that these patches of metaplastic bone are more susceptible to destruction by infiltrating tumour than neighbouring intact cartilage. Such susceptibility can now be readily explained because metaplastic bone contains osteoclasts which are activated by local tumour in the same way as osteoclasts in true bone ( Figure 6 ). 
Metastasis to regional lymph nodes in the irradiated neck
Patterns of spread of metastatic squamous carcinoma to lymph nodes in the irradiated neck have been investigated in radical dissections from~8 patients, extending the previous study by Tanner et al. (1980) . Clinical details are summarized in Table 4 . Careful examination of operative specimens in the laboratory has produced a mean of 27 lymph nodes per dissection (range 8-57). There were 48 dissections with metastatic disease, the number of involved lymph nodes per dissection usually being small: 1-3 lymph nodes with metastatic carcinoma-31 dissections; 4, 5 lymph nodes with metastatic carcinoma -8 dissections; > 5 lymph nodes with metastatic carcinoma -9 dissections. The distribution of involved lymph nodes in each dissection is largely confined to the submandibular group and/or the jugular chain (45 Morphological changes in uninvolved lymph nodes are broadly related to the dose and location of the radiotherapy fields and the time interval between radiotherapy and surgery. They are of no prognostic significance.
Discussion
Perineural spread is a familiar feature of malignant salivary gland tumours, particularly adenoid cystic carcinomas, but its regular occurrence in squamous carcinomas of the head and neck is not well known (Ballantyne et al. 1963 , Dodd et al. 1970 , Carter et al. 1979 . Results from the present series indicate that perineural spread is comparatively common in large T3, T4 tumours, particularly those arising in the oral cavity. It may be apparent early in the patient's clinical course, and perineural involvement can often be detected clinically. It is an adverse prognostic finding for two reasons. Carcinoma cells, once within perineural spaces, can track long distances and in particular may spread intracranially. Secondly, perineural infiltration is commonly accompanied by evidence of lymphatic and vascular dissemination. Invasion of perineural spaces is occasionally demonstrable in biopsy material and, if suspected on clinical grounds, a generous biopsy is indicated. The recognition of perineural spread may influence the surgeon both in his decision to offer radical resection and in determining its extent. Equally, the presence and extent of perineural spread will affect the planning of the radiotherapist's treatment fields and the use of chemotherapy.
Direct bone invasion, in surgical material from the head and neck, is most commonly associated with cancers of the oral cavity. The perineural spaces form a particularly important route ofspread oftumour into the mandi ble, a process which is aided by the realignment of the inferior dental canal and its contents that occurs in the edentulous atrophic mandible of elderly patients (Byars 1955 , Lee & Wilson 1973 . The importance of periosteal lymphatics as a mode of access for tumour is disputed (Marchetta et al. 1964 , Marchetta et al. 1971 .
The overall pattern of direct bone invasion is from an outer area inwards -the exact reverse of the growth of blood-borne skeletal metastases where tumour spreads peripherally from central marrow cavities. Both processes involve osteoclastic activation (Galasko 1975 , 1976 )and the morphological changes described here are not specific for squamous carcinomas. Various 'tumour-associated' factors such as prostaglandins are known to activate osteoclasts (Carter 1978) ,and prostaglandin-like materials have recently been extracted from a series of infiltrating squamous carcinomas of the head and neck (Bennett et al. 1980) .They are produced locally, and no prostaglandin-like materials have been demonstrated in plasma from the internal jugular vein -the main venous effluent from the tumour-bearing region.
The growth pattern of squamous carcinomas involving bone has important clinical implications. In the mandible, the tumours tend to infiltrate laterally as well as downwards, often invading superficially beneath intact periosteum and subperiosteal new bone in a manner akin to submucosal spread. These observations are relevant to the planning of major resections of the lower jaw.
The distribution of nodal metastases in the previously irradiated neck has received little attention (Goldman et al. 1966 , Goldman et al. 1969 . The numbers of involved lymph nodes are generally small and are concentrated in the jugular chain and submandibular nodal groups. Metastases in posterior triangle lymph nodes were found in only 3 specimens -dissections from two patients with nasopharyngeal carcinoma and a third with carcinoma of the pyriform fossa. The tumours which metastasize to the posterior triangle arise mainly in the nasopharynx, tonsillar fossa and oropharynx, and hypopharynx (Lindberg 1972) ,and carcinomas at these sites are adequately represented in the present series (see Table  4 ). Most involved lymph nodes are completely replaced by metastatic carcinoma and about 90% of such nodes show transcapsular spread of tumour, varying from microscopic extension to massive infiltration into surrounding structures. This feature is widely regarded as an adverse prognostic factor (Kalnins et al. 1977 , Zoller et al. 1978 ; more specifically, transcapsular spread would appear to be a disturbing finding when it is extensive and occurs in association with lymph nodes lying close to resection lines. Transcapsular spread by tumour may be seen in partially-involved lymph nodes, an observation which makes any simple mechanical explanation of the process difficult to sustain. Keratin granulomas are commonly found in surgical dissections of irradiated necks. These lesions are important clinically because they can form hard, sometimes fixed, masses measuring up to 3 cm in diameter and closely simulating nodal metastases. They are not confined to lymph nodes and they may form masses in the substance of the sternomastoid muscle and encroach on the carotid sheath. Although coexisting tumour is often found at microscopic examination, it is much less extensive than would have been expected from the clinical findings. It is uncertain whether keratin granulomas are prognostically significant. The extent to which previous irradiation modifies the distribution and growth pattern of metastatic squamous carcinoma in the neck is unclear and detailed comparison with a series of non-irradiated radical neck dissections -now in progress -is necessary to clarify the problem.
A recent study of patients with previously irradiated T3, T4 carcinomas who required major surgery for metastatic disease in the neck indicates that the poor prognosis in this group is mainly due to subsequent failure to control recurrent tumour at or near the primary site (Tanner et 01. 1980) .In view of this poor prognosis and the tendency for metastatic carcinoma in the irradiated neck to be somewhat restricted in its anatomical extent, the current findings reinforce the view that suitably modified neck dissections should provide adequate control of nodal disease whilst avoiding the morbidity of a full radical dissection.
